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Abstract. The 



on-punlied rodent dieis'stigges-.ing a nuinuonal factoi that avoids the* calcifications. One candidate is phytate. a. 
r i > ibscnt in purified diets. Therefore, the effects on calcification / 



AiKBttupa TlN- ^A.Tl N-76 A + 1 % phytate andSdard nonpurified chow. Urinary phytate of the AIN-76 A 

hytaieof AIN-76 A 1% phytate and d rd f n r fl 

hither than in the AIN-76 A group. The concentrations of calcium and phosporus in kidneys were greater in the MN-lb A 
group than in AIN-76 A + 1% phytate and standard groups. Only rat the [N-76 A g, d, 1 , d n ineral deposits at the 
corticornedullary junction. These findings demonstrated that the absence of phytate in the AIN-76 A diet is one of the causes 



1. Introduction 

The majority of the human biological fluids are supersaturated with some compounds. Blood and in- 
terstitial liquid for instance are supersaturated with respect to calcium phosphate (hydroxyapatite). Urine 
is always calcium oxalate supersaturated and, depending on its pH value, is also supersaturated with re- 
spect to uric acid (pH < 5.5) or calcium phosphate (pH > 6.0) [4], Physiologically, crystallisation only 
takes place in controlled situations like in the formation of bone and teeth. Nevertheless, uncontrolled 
pathological crystallisation such as calculi formation (renal, biliar, sublingual), calcification of atheroms, 
tissue calcification associated with cancer, etc. is also frequent. In fact, crystallisation does not take place 
indiscriminately in all human fluids because it does not depend exclusively on thermodynamic factors 
but also on kinetic factors. There are three main aspects to explain pathological crystallisation: supersat- 
uration higher than usual (thermodynamic factor), the presence o f heterogeneous nuclei (crystallisatton VD^ 
inducers, kinetic factor), and/or deficit of crystallisation inhibitors (kinetic factor). Under physiologi- 
laTconditions, the crystallisation inhibitors at adequate concentrations may prevent the development of 
solid concretions by delaying the crystallisation of supersaturated substances, until a readjustment of 
concentration in the corresponding fluids is achieved. 
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Recently, it has been demonstrated that phytate (myoinositol hexaphosphate), present in blood, urine, 
interstitial and intracellular fluids [1,10] inhibits crystallisation of calcium salts such as oxalate and phos- 
phate [5,6,8]. In a nephrolithiasis animal model using ethylene glycol, phytate was found to significantly 
reduce the number of calcifications on the papillary tips and the total calcium content of the papillary 
tissue [7], Phytate may also participate in endochondral ossification impeding the mineralization of vesi- 
cles, a process believed to be regulated by enzymatic phytate hydrolysis [2], 

From the beginning, there have been many problems with the AIN-76 A purified rodent diet, the major 
one being their propensity to cause kidney calcification in female rats [14-16], whereas commercial 
non-purified diets generally are less nephrocalcinogenic [11,13]. In non-purified cereal-based diets an 
important part of the phosphorus content represents phytate, which in purified diets phytate is practically 
absent. In the present paper, therefore, the effect of phytate addition to the AIN-76 A diet on calcification 
of kidney tissue are studied. OfoX . 



2. Materials and methods 

2.1. Animals and diets 

Female Wistar rats (21 days-old) from Harlan Iberica S.A. (Barcelona, Spain) were acclimated to our 
animal house in the course of 7 d and kept on standard non-purified diet and tap water. The rats were 
housed two animals per cage at a temperature of 23 ± I°C and relative humidity of 50% with a 12-h 
on-off light cycle. The animals were assigned randomly to three groups of 12 rats. 

The diets used were AIN-76 A (Harlan Tekland, WI, USA), a purified diet in which phytate is practi- 
cally absent, an AIN-76 A modified diet (AIN-76 A + 1% phytate), to which phytate dodecasodium salt 
from com (Sigma-Aldrich, Madrid, Spain) was added to obtain 1 g/100 g (Harlan-Tekland, WI, USA) 
(Table 1 ) and the standard non-purified diet pellets (UAR A03, Panlab s.l„ Barcelona, Spain; water 10%; 
dry wt., 26.7% proteins, 56.5% carbohydrate, 5.7% lipids, 4.5% cellulose and 6.5% ashes). Each exper- 
imental group (AIN-76 A, AIN-76 A + 1% phytate and standard non-purified diet) were fed one of the 
different diets for 12 wk. Representative analyses of calcium, magnesium, phosphorus, phytate and water 
in AIN-76 A, AIN-76 A enriched 1% phytate and standard nonpurified diets are shown in Table 2. 



Composition of AIN-76 A and AJN-76 A en riched wilhf^jhylats purified die 



(g/kg) Cg/kg) 



Casein, high protein 


200.0 


200.0 


D-L Methionine 


3.0 




Sucrose 


499.99 


489.99 




150.0 






50.0 




Fibre (cellulose) 


50.0 


50.0 


Mineral mix. AIN 76 


35.0 


35.0 


Vitamin mix. AIN 76 


10.0 


10.0 


Choline bitartrate 


2.0 


2.0 


Ethoxyquin (antioxidant) 






Phytate dodecasodium salt 




18.42 



XP008041991 



Calcium (mmol/lOOg) 
Phosphorus* (mmol/lOOg) 
Ca:P molar ratio 
Magnesium (mmol/lOOg) 
Phytate (mmol/lOOg) 
ter(g/luO g) 



oe calcifications in female ra 



A1N-76 A A1N-76 A I % phytate UAR AQ3 



* Excluded phosphorus from phytate. 
The procedures used in this experiment were made according the Directive 86/609/EEC regarding the 
protection of animals used for experimental and other scientific purposes. 

2.2. Chemical analyses and pathological examination 

Resularlv (every 4 weeks) 24-h urine was collected by housing the rats of the respective groups in 

dU n T?„?5,' of the experiment all animals were anaesthetised with pentobarbital (50 mg^g, 



w ^^acS n Swas~^a mom and ^concentrate of Return, 
h ' w™ ? e re detained by TCP atormc emission spectrometry. The other half of the kidney was 

examined by light microscopy (Olympus BH n, Japan). 
2.3. Phytate determination 

reagents used were of analytical grade. The detectton limit of phytate was 0.1 mg/1. 
2.4. Statistics 
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The SPSS for the Windows program wa 
was used for assessing statistical signific; 
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used for statistical computations. A probability of p < 



Urinary excretion of calcium, magnesium, phosphorus and phytate was determined at regular intervals 
(Fig. 1 and Table 3). Urinary excretion of phytate did not differ significally between the AIN-76 A + 
1% phytate and standard groups, whereas in the group fed with AIN-76 A diet phytate was practically 
undetectable. No important differences in urinary excretion of calcium, magnesium and phosphorous 
were observed between the three groups. 

The female rats fed the AIN-76 A diet had highly anomalous calcium amounts in their kidneys when 
compared with standard female rats, whereas this amount was significantly reduced in female rats fed 
with the AIN-76 A enriched diet with 1% phytate (Fig. 2). The phosphorus content in the kidneys of rats 
fed the AEN-76 A diet was also higher than that of standard and AIN-76 A -f 1% phytate diet-fed rats. 
Only female rats fed the AIN-76 A diet consistently displayed mineral deposits at the corticomedulary 
junction (Fig. 3). In fact in rats fed AIN-76 A + 1% phytate, calcifications only were observed in a few 
cases and in areas of low extension when compared with the ones detected in female rats fed AIN-76 A 




jnof(A)ca 
iet and a non-purified diet at 4, 8 and 1 2 we 
was used tode'termine significant differences between means, "p < 0.05 vs. sti 
phytate gn 
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Table 3 



phorus and phytate 

' • + 1% phytat 



.ngested food, urinary volume, calciun iijagne .n 




weight (g) 
Ingested food (g/d) 
Volume (ml) 

Calcium (mmol/1) 3.99±0.12" 3.77*0.1^ 

MagnestunUmmot/l) 3.60 ± (LI? 3.68 1 .^ • ± C 

Phosphorus (mmol/l) 33.90 ± MO* 2 4* ± 1.84 2.4±0.84 

Phyt*e(mg/« «"" 175±0.04 3.26 ± 0.26 

Animal weight (g) 206 ± 6 , 2 "i* . fist 07 

Ingested food (g/d) 13.7 ±0.6" 4.4±0.4 6.6 . 
Volume (ml) 14.7 ± 3.8 \ S \t 0l6 

s-sr "is 

Time fed 12 wk 

Animal weight (g) 228 ±7 J36±4 240±5 

SET sE E;i 

5==s "i? iiiJii 

d^iA < 0-05 vs. AIN-76 A + 1% phytate. Dates are 



4. Discussion and conclusion 



creted undetectable amounts of phytate. These inm ™ y * A can £ seen in Table 2, the AIN-76 
that the urinary phytate levels are related to * J^^^ ratio and to ratio of the 
A diet and the ^r^^SZS^tg these two diets. The addition of 1 g/100 g 
urinary output to intake of these ™^ w ^^^ the excretion then being similar to those 
phytate restored the normal urinary levels of tht compo i . magnesium and phosphate 
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crystallisation inhibitor and, in consequence, may increase the risk to develop calcium stones. In fact, 
the low incidence of renal stones in some ethnic groups has been attributed to the high consum of phy- 
tate rich meals [12] and the ingestion of a phytate supplement significantly reduced the risk to develop 
calcium stones in humans [3], 
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